The unsustainable consumption pattern is argued as a driving factor of the environmental loads; however, hardly any relevant quantitative results are available. Quantifying the consumer behavior is particularly required for facilitating the contemporary unsustainable consumption pattern. This paper aims at developing two types of the consumer behavior model, comprising of the linear expenditure system (LES) model and the multinomial logit (MNL) model, to analyze the individual's consumption expenditure hierarchically in light of the changes in lifestyle. The models are validated for the case of Taiwan where the economy is growing rapidly and making dents on every phase of life. Analysis results present the structure of an individual's consumption preferences during the study period. Mainly, the individual's consumption expenditures on "food" and "housing" occupy the most portions in his/her subsistence level while the individual spends more on "housing," "medicines & medical care" and "amusement & education" in his/ her non-subsistence level. In addition, the consumer behavior model is coupled with the municipal solid waste (MSW) discard model, which was established in the authors' earlier study, to consecutively estimate an individual's consumption expenditure and the amount of his/her MSW discards by waste fraction. By using the coupled model, a more sustainable consumption pattern and lifestyle can be proposed, and the corresponding MSW management system can be planned so as to develop the sustainable lifestyle and a low-waste-discard society.
INTRODUCTION
Industrialization and urbanization have advanced rapidly over the past few decades. How the economics develops in harmony with the environment has remained an ongoing classical debate for decades. The process of how consumption promotes the welfare, both monetarily and environmentally, has been highlighted , 2) . Further, the current unsustainable patterns of production and consumption are considered as the driving factors of global environmental analysis (previous called "strata analysis" in social structure analysis) has been applied in disciplines involving sociological phenomena 2, 3, 4) . Previous studies indicated that lifestyle is formed based on the subjective demand or the common goal of an interested group; members within the group may have similar socioeconomic, sociocultural, demographical, and psychological characteristics, e.g., income, household structure, age, time expense, education, race, region, etc. 2, 3, 4, 5, 6) . That is, one specific lifestyle implies a similar life pattern or activities of a specific group with similar attributes over a specific period. Further, Ziegenspeck et al. (2004) indicated that the "expressive behavior" (including leisure time behavior, clothes style, interior furnishing, and interactive behavior) leads the modern lifestyle. Even, the consumer behavior can be regard as a phase of lifestyle 4) . In this study the consumer behavior refers to the consumer's preferences among different commodities from a monetary perspective, i.e., how a specific group of individuals spend their consumption expenditure on various categories and subcategories of commodities during a specific period. Hence, the consumer behavior is dominated by the attributes of people's lifestyle. The consumer behavior regarding time expenses is beyond the scope of this paper. Many recent studies have attempted to study the relationship between environmental loads and the consumer behavior regarding the changes in lifestyle. Lintott advocated that current lifestyle and consumerism in rich economies should be modified by reducing per capita consumption on unnecessary items while consumption should be developed in keeping with sustainable welfare ) . By using the household expenditure data, Jackson and Marks conducted one sustainable indicator (the index of sustainable economic welfare, ISEW) for UK to examine the relationship among monetary welfare, sustainable welfare, and the human needs 2) . Noorman proposed a "Household Metabolism" evaluation system analyzing the household's consumption and its environmental impacts 7) . Jalas defined the sustainable lifestyle as "a dynamic pattern of consumption of activities in which the related materials use is stable," and the sustainability of the household's consumption was evaluated through a time use approach 6) . Spangenberg and Lorek performed a consumer cluster analysis based on a SNA-like physical input-output-table; their results suggested that household consumption in terms of the "housing," "eating" and "mobility" activities lead to in major environmental threatening in Germany 8) . Rood et al. utilized a structured model to project the future changes in energy requirement under different consumption scenarios 9) . Gilg et al. suggested that green consumption can be examined from three perspectives: environmental values and concern, socio-demographic factors, and psychological factors; concrete green-buying actions for households were proposed by conducting a public survey based on the three aspects 0) . Schor claimed that environmental problems are resulted from the excess consumption driven by falling goods prices 20) . Moreover, Kanamori and Matsuoka developed an integrated estimation system for the environmental loads based on the household consumption in Japan; their results suggested that the household's type and size would affect household's consumption behavior and the generation of environmental loads 2) . Fujiwara et al. developed a model framework analyzing the consumer behavior and subsequently estimating the quantity of food waste generation in Japan based on the household expenditure data 22) . In addition, Weng et al. quantified the relationship among the individual's consumption expenditure, municipal solid waste (MSW) policy measures, and MSW discards in terms of waste fractions in Taiwan by a simultaneous equation system model. Here, the MSW discards is defined as the portion of MSW generation that will be regularly collected and treated by the local municipalities 23) . The outcomes of above-mentioned studies quantitatively or qualitatively proved that the consumer behavior driven by people's lifestyle brings about the environmental loads, and there is a crucial need to reduce unnecessary consumption, especially for rich economies. However, before taking practical actions, it is required to examine the consumer behavior and identity the excess consumption, which is not consumed on the necessities but on the commodities at the non-subsistence level, such as enjoyment, convenience, extravagance , 20) . Thus, this paper seeks to develop a methodology analyzing the individual's consumption expenditure hierarchically by using two kinds of econometric model so that the consumer's preference can be revealed. The models are validated for the case of Taiwan where the economy is growing rapidly and making dents on every phase of life. On the other hand, regarding the model application, the consumer behavior model is coupled with the MSW discard model developed in the authors' previous work 23) , and a consecutive modeling can be conducted. Based on such coupled modeling, concrete strategies for facilitating current unsustainable consumption pattern can be proposed and tested so as to promote a low-waste-discard society.
THE MODELS
The consumer behavior model is constructed as a two-layered structure based on the hierarchical analysis of per capita consumption expenditure. As for model application, the models can be coupled with other models in terms of the estimation of various kinds of environmental loads. With an application to project the quantity of MSW discards, the integrated model system (see Fig.1 ) is designed as a three-layered structure: the first two layers belong to the consumer behavior model based on consumer's preference and the third layer is the MSW discard model, representing the conversion process from commodities into waste during the consumption. This paper firstly focuses on constructing two types of consumer behavior model to hierarchically quantify the consumer behavior, and afterward applies the model to estimate MSW discards in terms of waste fractions.
(1) Linear Expenditure System The linear expenditure system (LES) model is adopted in the first layer of consumer behavior model to analyze the consumer's preference among categories of the individual's expenditure. The LES model, first proposed by Stone, has been applied widely in analyzing the household expenditure 24, 25, 26, 27, 28) , and been adjusted into extended forms by Lluch, Merz, and Adams, respectively 29, 30, 3) . The LES model is an equation system that considers endogenous variables of consumption expenditure fractions. The aggregated per capita consumption expenditure and the socioeconomic indices reflecting the changes in lifestyle serve as exogenous variables. In this way, the LES model can be extended with widely economic application. Moreover, a straightforward interpretation of the LES model enables an advanced simulation of the consumer behavior. In the LES model, it is assumed that the individual spends to maximize his/her utility, on the basis of the Stone- (4) where c i represents an individual's expenditure by category, i.e., c i = p i * q i . By such articulation, Eq. (4) can be solved using nonlinear three-stage least squares (3SLS) method 32) . After estimating the consumption expenditure on the categories, a choice-experiment model is established in order to model the distribution of each consumption expenditure category into its respective subcategories.
(2) Multinomial logit model At this stage, a general type of discrete choiceexperiment model, the multinomial logit (MNL) model, is applied to simulate the distribution of an individual's expenditure under one category into its subcategories. The MNL model is powerful at analyzing the choice experiment with multiple choice sets, and provides straightforward interpretation with appropriate explanatory variables 33, 34) . Recently the MNL model has been applied in some environmental studies for simulating choice-selecting process 35, 36, 37) . Based on maximizing the random utility function, the MNL model claims that individuals will make the choice with the maximum utility. The basic form of random utility function with T choosers and J choice sets is as follows: (5) where U tj denotes column vector of the latent (or unobservable) utility value, and the latent utility for each chooser will be maximized by selecting the most appropriate choice set; x i is a column vector of the explanatory variables; ν t and ζ i are column vectors of the parameters; moreover, the error term, e tj , in each utility function has a generalized extreme value distribution 38) . The explanatory variables in the MNL model are the chooser-specific regressors, that is, the explanatory variables are only related to the characteristics of the individual chooser. In this study, the "chooser" infers the aggregate consumption behavior of the citizens in each sampling year. Thus, the MNL model is applicable in the case study. Performing the MNL model, the probability for consumption expenditure distributed from category i into its subcategories, prob(ψ ij ) , can be specified as follows: (6) where c ij denotes the consumption expenditure of the j th subcategory in the ith category; x i is a column vector of the explanatory variables for consumption category i , reflecting socioeconomic situations such as household's attributes; β ij represents the column vector of the parameters, corresponding to the explanatory variables. An important assumption of the MNL model is the independence of irrelevant alternatives (IIA), that is, the rate of probabilities between any two choice options is independent in the choice set. In this study, the choice sets refer to the subcategories in which an individual's expenditure is distributed, the characteristic of one subcategory of expenditure is clearly different from another according to the expenditure classification system. Thus, the IIA assumption is hold.
By taking the probability of the first item in the subcategory as the basis, the pair-comparative probability can be expressed as follows:
Taking the natural logarithm on both sides of Eq. (7) results in the following equation:
An equation set of subcategories under a specific expenditure category is regarded as an equation system, and it is solved by the seemingly unrelated regression (SUR) method. The SUR method assumes that the error terms of each equation of the equation system are related with each other so that the crossequation relationship can be considered 39) . Thus, an individual's expenditure under subcategories with comprehensive economic interpretation can be well modeled. Both the LES model and the MNL model are solved using the statistical software TSP ® 5.0. The t test is used to judge the significance of the estimators of the parameters; the adjusted coefficient of determination (adjusted R 2 ) is used as the measurement of "goodness of fit" in the regression model if the database is not large (e.g., less than 30), otherwise, using R 2 . The mean absolute percent error (MAPE) is used to evaluate the bias between the estimates and the true values by percentage albeit the root mean square (RMS) evaluates the bias by value. MAPE is calculated as follows: (9) where and are the original series and the estimates, respectively, and N is length of the series.
CASE STUDY
(1) Background of study area Taiwan is a small island with limited natural resources, but with one of the densest population around the world (637 persons per km 2 ) 40) . Taiwan has achieved significant economic growth in the last few decades by adjusting the economic structure from the agriculture sector to the industry and service sectors. After the 980s, the industry and service sectors contribute more than 95% portion of the GDP (see Fig. 2 ). Even, there was liberation in the social and political environment after the abrogation of the Martial Law in 987. Meanwhile, industrialization and urbanization diffused rapidly throughout Taiwan. All these factors influence the individuals' lifestyle and their consumption behavior.
The socioeconomic indices and the household expenditure obtained from official databases 4) in Taiwan are analyzed when modeling the consumption's behavior. Annual data spanning 22 years (984-2005) are used in the model development. Table 1 lists the category system classifying the consumption expenditure in Taiwan. The category system was slightly adjusted during the period from 992 to 994 due to some new policy measures (primarily the mandatory public health insurance). Table 2 shows the changes in an individual's expenditure by category over this period. All the categories of expenditure changed significantly with the changes in lifestyle.
The lifestyles have changed rapidly over the past decades in Taiwan. Owing to the absence of an absolute definition of "lifestyle," this concept is still difficult to be defined and quantified. Thereby, the socioeconomic indices are used in reflecting the changes in lifestyle based on the assumption that the entire society in Taiwan is viewed as an aggregate group. In the authors' previous study, a preliminary quantitative lifestyle analysis was conducted by analyzing twelve major socioeconomic and household-attribute indices those the ratio of smallsize household, the ratio of careerare associated with the changes in lifestyle 42) , such as the population structure by age, the unemployed rate, women in labor force, etc. The results showed that most of the indices associated with the lifestyle changes are highly correlated (excluding the saving rate and the unemployment rate), implying the existence of a strong intrinsic driving force resulted from the changes in lifestyle and the economic development in Taiwan over the period.
(2) Results of the consumer behavior modeling
In order to take the lifestyle changes into consideration, important indices reflecting lifestyle changes in Taiwan are chosen as the candidates of explanatory variables in the model development. Because the socioeconomic indices are highly correlated 42) , only the most representative and uncorrelated indices are selected as explanatory variables in order to confirm the best estimators. Thus, the aging population ratio (the population ratio of those are 65 years old and over, Hov65r) (%) and the individual's saving rate in his/her disposal income (Saving) (%) are chosen as the exogenous variables in the LES and MNL models considering the "aging" phenomenon and the consumer's consumption characteristics in Taiwan. Table 3 reports the results of the LES model specified by the 3SLS method. All the models are fitted well with a significant goodness-of-fit, and the small values of MAPE certify the model accuracy. In Table 3 , most of the estimators in the LES model are significant and with reasonable signs of the coefficients; thus, the results are convincing. Hov65r has a significantly positive coefficient, indicating that the aging population in Taiwan is in favor of increasing the subsistence level of the consumption expenditure. The positive coefficient of Saving in some categories of expenditure suggests that in the subsistence level of expenditure, people are willing to save money to buy commodities belonging to the corresponding categories; on the other hand, the categories with a negative coefficient of Saving indicate that the consumed commodities of these categories is competitive to the saving budget for the commodities with higher utility or for investment. The annual per capita subsistence level and the marginal budget share are estimated by the LES model, and the results are summarized in Table 4 . In Table 4 , a large subsistence value of one expenditure category suggests that the commodities in this category would be the necessities. Also, the individual's consumption expenditure on "food" and "housing" occupy the most portions in the individual's subsistence level of consumption, implying the commodities and services of the two categories are essential to the individual's life. Further, a large value of marginal budget share of one expenditure category indicates that the consumption on such expenditure category would reflect the individual's "expressive behavior," which is argued by Schor 20) , i.e., the individual purchases the commodities of the expenditure category to obtain the utilities for extravagant enjoyment. Thus the consumption expenditures on "housing," "medicines & medical care" and "amusement & education" may reflect the individual's "expressive behavior" in Taiwan during the period. Fig. 3 depicts the the estimated series for per capita consumption expenditure, the subsistence level and the true series of the average minimum labor wage. In Table 4 , the average per capita annual subsistence level of consumption over the period is 3,680.2 Taiwan dollar (NT$), at 200 prices; however, the average minimum legal labor wage during the period 43) ) is just slightly exceed the subsistence level of consumption. Also, the consumption expenditure and the subsistence level started to prevail the minimum legal labor wage after 2003 in Fig. 3 . Such outcome implies that the actual purchasing power for low-income individuals would be quite limited.
Comparing the estimates of the marginal budget share of the categories of consumption expenditure in Table 4 , the ratios of the categories in the subsistence level is different from the values of the marginal budget share, implying that although individuals pay most on "food" and "housing," the marginal budget share for "food" is lower than the portion of "food" in the subsistence level. Such result is in agreement with the intuitional concept: people are willing to spend much for other commodities with extravagant enjoyment after satisfying the subsistence level. Thus the results of the LES model can quantitatively define the relationship among people's expenditures by category with the further economic interpretation. Table 5 presents the results of the MNL model for the distribution of an individual's consumption expenditure on each subcategory. The results of the MNL model show the relationship between the logarithm of the probability of the choice-pairs and the influential factors, revealing the individual's consumption propensity. Most of the equations exhibit significant parameters, again, suggesting that Hov65r and Saving are also influencing factors on the consumer's preferences in the detailed distribution of per capita consumption expenditure. However, larger values of MAPE for some subcategories indicate that the consumer's decision among the subcategories of commodities is pretty complex and more explanatory variables might be required in some equations of subcategories. Since the parameter denotes the relative propensity between the two choice sets, a positive parameter indicates that one factor signifies the propensity for the individual to select the k th minor category instead of the reference one. Hence, the results of the MNL model simulate the consumption decision process by quantifying the relative propensity so as to explore the fine structure of the consumer's preferences. Thus far, the consumer behavior is well modeled by the variables associated with the changes in lifestyle. The established consumer behavior model can be applied comprehensively with regards to environmental concerns. Subsequently the consumer behavior model can be coupled with the MSW discard model developed in the authors' previous work 23) , to estimate MSW discards in terms of waste fraction.
(3) Sequential MSW discards modeling
Regarding the model application, the consumer behavior model is coupled with the MSW discard model to estimate MSW discards by waste fraction. In the MSW discard model, a reasonable equation system is designed to estimate the quantity of each waste composition category; appropriate expenditure terms, generated by the consumer behavior model, and the variables of policy interventions serve as the exogenous variable in the MSW discard model by using the simultaneous equation system (SES) modeling technique 23) . At the beginning, per capita consumption expenditure by category is simulated by the LES model. Afterward the outcomes of the LES model are used as the input for the MNL model to simulate the consumption expenditure by subcategory. Fig. 4 shows the sequential estimates and true value of per capita consumption expenditure for the subcategories. Obviously, the majority of the series are capable of catching the major trends. Subsequently, by coupling the consumer behavior model and MSW discard model, the quantity of per capita MSW discards by waste fraction is estimated by using the MSW policy variables as well as the consumption variables, generated from the LES model and the MNL model. Fig. 5 demonstrates the sequential modeling results of the quantity of per capita MSW discards by waste fraction. Furhter, the overall quantity of per capita MSW discards can be obtained by adding up all the estimates of waste fractions. The results are evaluated by using MAPE, for waste fractions as shown in Table 6 . The sequential modeling generates precise approximates of the MSW discards by waste fraction, implying that the consumer behavior model is capable of coupling with models associated with environmental pollutants. 
CONCLUSION
The unsustainable pattern of contemporary consumption, associated with the individual's lifestyle, has been considered as one important driving factor for environmental loads. However, only a few studies provide quantitative description for the consumer behavior from the perspective of environmental concern. The methodology developed in this study quantifies the consumer behavior and applies its influences to the estimation of MSW discards. The models are validated through the Taiwan case study where the economy is growing and the lifestyle changes rapidly. Two types of the consumer behavior model, the LES , the LES the LES model and the MNL model, are developed on the basis , are developed on the basis are developed on the basis of the socioeconomic factors involving the changes in lifestyle, the saving rate and the aging population rate. The results not only generate accurate estimates of per capita consumption expenditure by category and by subcategory but also provide an explicit and quantitative structure of the consumer's preferences by considering the changes in lifestyle. From the results, in Taiwan, the individual's consumption expenditure on "food" and "housing" occupy the most portions in the individual's subsistence level while these on "housing," "medicines & medical care" and "amusement & education" influence the consumer's preferences most in the non-subsistence level. Further, the consumer behavior model is coupled with the MSW discard model developed in the author's previous work, so that an integrated socioeconomic-environmental modeling system for the MSW management can be constructed. Such Such methodology can be useful to examine the impact of can be useful to examine the impact of the individual's consumption on the environment in the process of civilization. Since the consumer behavior and its influences on MSW discards are analyzed, a sustainable lifestyle can be formed by reducing the potential "excess consumption" in the individual's consumption expenditure. Particularly, the "excess consumption" is related to the non-subsistence level of consumption estimated by the established LES model. Also, the lifestyle changes, represented by the saving rate and aging population rate in the case study of Taiwan, would affect the non-subsistence level of consumption. For the consumers, the impacts of their consumption on the MSW discards could be eliminated if their excess consumption on "food," "household appliances," and "amusement & education" is reduced. For the municipalities, more environmental education activities could be held so as to improve the consumers' environmental consciousness in the context of sustainable consumption. In this study the models are established at a national level, the entire Taiwan society is viewed as an aggregate group in the case study. In fact, the inner disparities of the lifestyle and the consumer behavior may exist between the urban and rural regions. However, such diversities of the abovementioned uch diversities of the abovementioned socioeconomic attributes are not considered in the national-level modeling work. From another viewpoint, a comparison of the model results for different countries or regions will be meaningful. To conclude, the findings will contribute to the policy design towards the sustainable lifestyle and a lowwaste-discard society.
